###### Practice points

-   In any oral, sinonasal, vulval, vaginal, anal or rectal lesion, the possibility of mucosal melanoma should be considered and identified on histology.

-   The only potentially curative option is complete surgical excision with negative margins. Extensive surgery with the potential to achieve negative margins should be weighed carefully against operative morbidity and the high risk of recurrent disease.

-   Radiotherapy after surgery may improve local control, but there is no evidence it improves overall survival.

-   Options for systemic therapy include immunotherapies and targeted treatments. Immunotherapy can be successful in mucosal melanoma, although response rates are lower than in cutaneous disease. Mucosal melanomas may harbor activating *KIT* mutations and other potentially targetable mutations, and therefore targeted treatments may be an option for selected patients.

-   Clinical trials for patients with mucosal melanoma remain a key priority.

In this review we provide an overview of the management of mucosal melanoma, highlighting the critical differences between cutaneous and mucosal melanomas ([Table 1](#T1){ref-type="table"}), before examining recent advances in the management of this disease and likely future directions. Due to the rarity of mucosal melanoma, and the pace with which the management of cutaneous melanoma has evolved over recent years, there is little good evidence to guide management and evidence-based clinical guidelines are still in development in the UK.

###### **Comparison of mucosal and cutaneous melanoma.**

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Comparates**                                   **Cutaneous melanoma**                                                 **Mucosal melanoma**
  ------------------------------------------------ ---------------------------------------------------------------------- -------------------------------------------------------
  Incidence                                        Majority of melanomas, incidence increased 20% in 20 years \[[@B1]\]   1.4% of all melanomas, stable over time \[[@B2]\]

                                                                                                                          

  Median age at diagnosis                          65 \[[@B1]\]                                                           70 \[[@B3]\]

                                                                                                                          

  Risk factors                                     Sun exposure\                                                          None known
                                                   Nevus count\                                                           
                                                   Familial predisposition                                                

                                                                                                                          

  5-year survival for all stages at diagnosis      ∼90% \[[@B4],[@B5]\]                                                   14% \[[@B4],[@B5]\]

                                                                                                                          

  Percentage with metastases at presentation       5% \[[@B3]\]                                                           23% \[[@B5]\]

                                                                                                                          

  Median OS from diagnosis of metastatic disease   11.7 months \[[@B6]\]                                                  9.1 months \[[@B6]\]

                                                                                                                          

  Response to immunotherapy                        ORR 40.9% with nivolumab alone\                                        ORR 23.3% with nivolumab alone\
                                                   ORR 60.4% with combination immunothrapy \[[@B7]\]                      ORR 37.1% with combination immunotherapy \[[@B7]\]

                                                                                                                          

  Targetable mutations                             BRAF V600 mutation in ∼50% \[[@B8; @B9; @B10]\]                        BRAF mutation in 3--15%\
                                                                                                                          KIT alteration in 7--17% \[[@B5],[@B11; @B12; @B13]\]
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ORR: Objective response rates; OS: Overall survival.

Biology of melanocytes {#S0001}
======================

Melanomas are tumors arising from melanocytes, the cells whose primary function is to produce melanin pigment to protect the skin and eyes from sun damage. Most melanomas are therefore cutaneous. However, melanoma can also arise in the eye and from the mucosal surfaces. The most well-known function of melanocytes is to produce melanin and transport this, via membrane-bound organelles called melanosomes, to keratinocytes \[[@B2]\]. This occurs continuously during skin growth and differentiation, and the keratinocytes use them to form a protective shield around their DNA. As the mucosal tissues are not exposed to sunlight and so do not require UV protection, it is not entirely clear why melanocytes are found in the mucosal epithelium. It is not thought to be simply due to errors in migration from the neural crest during development, there is increasing evidence that melanocytes play a role in the immune system in these areas \[[@B2]\].

Melanin is produced from the amino acid tyrosine via a cascade of oxidation steps. This process is the main antimicrobial defense system in invertebrates. The cascade is triggered in response to lipopolysaccharides and peptidoglycan, bacterial cell wall components and β-1,3-glucan, subunits of the cell walls of yeasts and molds. The melanin then traps the microorganism in capsules within the cell \[[@B14]\]. The intermediate compounds in the cascade, and free radicals produced by it, also directly kill microorganisms, probably due to disruption of their cell membranes. Melanin can also neutralize bacterial toxins \[[@B14]\]. In humans, many genetic defects leading to hypopigmentation are also associated with immune system defects \[[@B14]\]. Mediators of the human innate immune system can stimulate melanogenesis and melanocytes produce cytokines to drive the inflammatory response \[[@B15]\]. Melanocytes may also have an antigen-presenting function \[[@B2]\]. Data from studying US servicemen during the Vietnam war found that lighter skinned servicemen were more susceptible to both bacterial and fungal skin infections than African--American servicemen \[[@B14]\]. A role in the innate immune system potentially explains why melanocytes reside in the mucosal surfaces.

Melanocytes are also found in the brain where they produce neuromelanin. This is found throughout the brain, but at particularly high levels in dopaminergic neurones in the substantia nigra and locus coeruleus. They are thought to have a role in binding to reactive oxygen species and metals to prevent toxicity to these neurones \[[@B16]\]. Cases of primary CNS melanoma have been reported \[[@B17]\].

Epidemiology & etiology {#S0002}
=======================

Mucosal melanoma is a rare disease, accounting for approximately 1.4% of all melanomas and only 0.03% of all new cancer diagnoses \[[@B2],[@B18]\]. While there has been an almost 20% increase in the incidence of cutaneous melanoma since the 1990s \[[@B1]\], the incidence of mucosal melanoma has remained stable \[[@B18]\]. Mucosal melanomas arise from mucosal epithelium anywhere in the respiratory, genitourinary and GI tracts, but are most commonly found in three areas; the vulvovagina (18% of cases), the anorectum (24% of cases) and the oral cavity, nasal cavity or sinuses (55% of cases) \[[@B3]\]. These are the mucosal surfaces arising from the ectoderm; mucosal melanomas of endodermal origin are extremely rare \[[@B4]\].

While the main risk factor for cutaneous melanoma is sun exposure, this is not a risk factor for mucosal melanomas which do not occur at sun-exposed sites. Indeed, no modifiable risk factor for mucosal melanomas has yet been identified. Studies suggest the average age of patients diagnosed with mucosal melanoma is slightly higher than for cutaneous melanoma, with a median age of diagnosis of 70 \[[@B3]\], compared with about 65 for cutaneous disease \[[@B1]\]. Oral mucosal melanoma is the exception, presenting in slightly younger patients \[[@B5]\]. The incidence is higher in females, due to the numbers of cases found in the female genital tract \[[@B2]\]. Mucosal melanoma is more common in Caucasians than other racial groups, although it represents a smaller proportion of all melanomas in Caucasians than other racial groups due to the greater incidence of cutaneous melanoma \[[@B2]\]. There is also no association between mucosal melanomas and nevus count or familial predisposition to melanomas \[[@B4]\].

Timely diagnosis can be complicated by the rarity of the tumor, the frequently occult site of origin, the fact that nearly half of mucosal melanomas are amelanotic compared with \<10% of cutaneous melanomas \[[@B19]\], and the multifocal growth pattern of up to one in five mucosal melanomas \[[@B19]\]. Patients with mucosal melanoma are more likely to present with regional or distant disease than patients with cutaneous melanoma. One study found that 55.5% of patients presented with localized disease, 21.5% with regional lymph node involvement and 23% with distant metastatic disease \[[@B5]\], whereas only 5% of patients with cutaneous melanoma have metastatic disease at presentation \[[@B3]\]. The most common sites of metastatic disease in mucosal melanoma are the liver and the lungs \[[@B5]\].

Mucosal melanoma is a disease with a very poor prognosis and most patients will develop incurable metastatic disease, irrespective of surgical excision. 5-year survival rates may be as low as 14%, compared with 90% for cutaneous melanoma \[[@B4],[@B5]\] when all cases, regardless of stage are combined. Even when matched for stage at diagnosis, outcomes for mucosal melanoma remain inferior \[[@B4]\] and in patients with confirmed metastatic melanoma, a mucosal primary has been shown to be an independent poor prognostic factor by Kuk *et al*., who reported a single center retrospective study examining almost 3500 patients with melanoma diagnosed with metastatic disease from 2000 to 2013, including 237 patients with mucosal melanoma. Patients with cutaneous and uveal melanoma, and melanoma of unknown primary had similar survival, but patients with metastatic mucosal melanoma did least well, with a median survival of only 9.1 months \[[@B6]\]. The authors found no evidence that an anatomic site of origin affects survival \[[@B6]\], which is consistent with a series of over 700 patients diagnosed with mucosal melanoma published by Lian *et al*., who demonstrated that prognosis was similar regardless of anatomical site of origin \[[@B5]\]. They reported 1-year survival rates of 88, 83 and 86% for nasopharyngeal and oral, gastrointestinal, and gynecological and urological mucosal melanoma, respectively, and 5-year survival rates of 27, 16 and 20%, respectively \[[@B5]\].

Staging {#S0003}
=======

No consensus on staging mucosal melanoma from different anatomical sites exists, and this complicates interpretation of the literature. Staging systems vary between, and sometimes within, anatomical sites of origin. For instance, the literature describing vulval melanoma uses both the AJCC (American Joint Committee on Cancer) cutaneous staging system and the International Federation of Gynecology and Obstetrics staging system, although the AJCC system has been demonstrated to be a better predictor of outcome \[[@B20]\]. Some anatomical sites, such as head and neck, have developed staging systems specifically for mucosal melanoma \[[@B21]\], which aim to reflect the very poor prognosis of this disease, while other tumor sites, such as anorectal, specifically exclude mucosal melanoma from their staging system \[[@B21]\].

A simplified staging system, which was originally developed for melanoma of the head and neck, can be applied to all cases of mucosal melanoma \[[@B22]\] but is not consistently used in clinical practice. The few clinical trials of systemic therapy from which patients with mucosal melanoma have not been excluded \[[@B23]\] usually, but not always \[[@B27]\], mandate use of the cutaneous staging system \[[@B28]\] in their eligibility criteria even for patients with mucosal disease, a system which is most flawed for the staging of nonmetastatic mucosal melanoma as it usually fails to reflect the often extensive lentiginous growth of these tumors and the disproportionately poor prognosis.

Genetic testing {#S0004}
===============

A targetable driver mutation in codon V600 of the *BRAF* gene, which encodes the B-raf protein (a member of the Raf kinase family of growth signal protein transduction kinases), occurs in approximately 50% of cutaneous melanomas \[[@B29],[@B30]\]. Identification of this mutation is clinically relevant, both for patients with confirmed metastatic melanoma and in patients at very high risk of recurrent disease (see Targeted therapy). While the *BRAF* gene can also be mutated in mucosal melanoma, the incidence of these mutations is much lower than in cutaneous melanoma. Data suggest it may occur in only 3--15% of all cases of mucosal melanoma \[[@B5],[@B11]\]. In addition, a higher proportion of mutations observed in the *BRAF* gene in mucosal melanoma affects regions of the *BRAF* gene other than codon 600, or are nonactivating mutations and therefore are not predicted to respond to targeted BRAF inhibition \[[@B12]\]. Despite the low incidence of targetable V600 mutations in mucosal melanoma, it is essential that *BRAF* mutation testing is carried out in all cases of mucosal melanoma due to the existence of an effective and licensed treatment option for a very small subset of patients (see Targeted treatment).

Mutations in *KIT*, which encodes a transmembrane receptor tyrosine kinase, can be identified in 7--17% of all patients with mucosal melanoma \[[@B5],[@B11]\] but may occur as frequently as one in three patients with vulvovaginal melanoma \[[@B13]\]. The specific mutation identified can predict tumor response to targeted inhibition and KIT is already an established therapeutic target in other cancers, for example, gastrointestinal stromal tumors (GIST). Identification of a potentially targetable activating mutation in *KIT* in a patient with melanoma may facilitate entry into relevant clinical trials or permit consideration of palliative treatment with a KIT inhibitor, such as imatinib, in the metastatic setting (see Targeted treatment). Therefore *KIT* mutation analysis should be considered for all patients diagnosed with mucosal melanoma. Unfortunately, errors in the *KIT* gene in mucosal melanoma are heterogeneous, dispersed across multiple exons, and included mutations and amplifications \[[@B31],[@B32]\]. The potential clinical relevance of the different mutations is not yet fully understood.

The majority of melanomas contain potentially actionable genetic mutations \[[@B33]\] and this offers scope for broadening targeted treatment in the future. Molecular analysis for mutations in other genes known to be mutated in melanoma is recommended if a patient with mucosal melanoma is being considered for a clinical trial.

Presentation {#S0005}
============

Presentation with mucosal melanoma is typically with symptoms caused by locally advanced tumors, although almost one in four patients will present having already developed distant metastatic disease \[[@B5]\]. For instance, mucosal melanoma of the oral cavity can present with a bleeding mass, ulceration or mucosal discoloration although over half of cases are an incidental finding identified during routine dental examination. Sinonasal mucosal melanoma often presents with obstruction, epistaxis or loss of smell. Vulvovaginal mucosal melanomas present with pruritus, vaginal bleeding or discharge, dyspareunia or a mass, and anorectal mucosal melanoma generally presents with bleeding, pain, a mass, tenesmus or change in bowel habit.

Localized disease {#S0006}
=================

The only curative treatment for mucosal melanoma is surgical resection. Complete surgical resection of mucosal melanoma with negative pathological margins is associated with a better prognosis \[[@B20],[@B34]\] but there is no evidence that radical resection improves survival \[[@B35]\].

Complete pathological resection can be a particular challenge in this disease due to the lentiginous, sometimes multifocal pattern of growth \[[@B19]\] and surgically challenging anatomical sites. Unfortunately, most patients still die of their disease regardless of surgical intervention, even if pathologically negative margins have been achieved \[[@B34]\]. Local recurrence is commonly within a year of primary surgery and although re-excision can be considered, generally it is quickly followed by disseminated disease \[[@B39],[@B40]\]. The morbidity of extensive surgery, offering the potential for negative margins, must therefore be weighed carefully against the very high risk of future incurable disease recurrence. As most patients ultimately develop distant metastatic disease, quality-of-life is critical in decision making.

Radiotherapy {#S0007}
============

It has never been proved that radiotherapy after primary resection improves overall survival \[[@B41]\] but it may improve the rate of local disease control \[[@B41]\]. In a published review of practice spanning 20 years, 54 patients underwent sphincter-sparing surgery for anorectal mucosal melanoma and subsequently received hypofractionated radiotherapy. Overall survival was poor at 30%, but local disease recurrence occurred in only 17% of patients and radiotherapy was well tolerated, with almost all patients retaining good sphincter function \[[@B42]\]. Similarly, a retrospective, nonrandomized series of 160 patients with nonmetastatic head and neck mucosal melanoma treated between 1980 and 2008 examined the pattern of recurrence observed in patients treated by surgery alone, compared with patients who received radiotherapy after their surgery. The probability of survival was unaffected by treatment modality. However patients who underwent both surgery and postoperative radiotherapy were less likely to experience local recurrence as their first disease-related event after primary treatment \[[@B41]\]. In unresectable, bulky or symptomatic disease, radiotherapy with palliative intent can also be considered.

Systemic treatment of unresectable or metastatic disease {#S0008}
========================================================

Immunotherapy {#S0009}
-------------

The management of patients with metastatic cutaneous melanoma has seen enormous progress over the last few years with the introduction of immunotherapy into routine use and is comprehensively described in many published reviews \[[@B45]\]. Monoclonal antibodies against both programmed cell death 1 (PD-1) with nivolumab and pembrolizumab, and against cytotoxic T-lymphocyte antigen 4, with ipilimumab, are licensed for use, are in routine clinical use in the UK and have changed the course of this disease for many patients \[[@B23]\]. A pooled analysis of almost 2000 patients with melanoma of all subtypes receiving ipilimumab in both trials and an expanded access program showed a median overall survival of only 9.5 months, but clearly demonstrated the potential for durable disease control even in the context of metastatic disease, with 21% of patients alive at 3 years and, most significantly, a plateauing of the survival curve \[[@B48]\]. Response rates improved with the introduction of anti-PD-1 monotherapy. Nivolumab (3 mg/kg every 2 weeks until progression) is associated with a 40% response rate with a 5.1-month progression-free survival in metastatic melanoma \[[@B23]\] and a significant improvement in adverse events compared with ipilimumab. Similar results are seen with single-agent pembrolizumab (2 mg/kg every 3 weeks), with a median overall survival of 13.4 months and a 2-year survival of 36% in a trial of pembrolizumab in patients who had previously received ipilimumab \[[@B49]\]. In another trial a response rate of 45% was reported in treatment-naive patients and a 33% response rate when those previously treated with ipilimumab was included \[[@B50]\]. The combination of ipilimumab (3 mg/kg for four doses) with nivolumab (1 mg/kg for four doses followed by maintenance monotherapy with 3 mg/kg every 2 weeks) offers scope to improve still further on response rates, resulting in a median progression-free survival of 11.5 months, compared with 2.9 months for ipilimumab alone or 6.9 months for nivolumab monotherapy \[[@B51]\]. However, the high rates of grades 3 and 4 toxicity seen with combination immunotherapy, and the unexpectedly modest improvement on 3-year survival of 58% for patients treated with combination immunotherapy compared with 52% for patients treated with nivolumab monotherapy \[[@B52]\], have complicated decision making in the clinic.

Pleasingly, many of the trials of these agents have not excluded patients with mucosal melanoma, although they have not reported the results from these patients separately due to their rarity. 2017 saw the publication of a pooled analysis of the outcomes of patients with metastatic mucosal melanoma treated in trials either with single-agent nivolumab or the combination of ipilimumab and nivolumab, comparing outcomes to those of patients with cutaneous melanoma. Six trials were included in the analysis; two Phase I studies of nivolumab, a Phase II trial of ipilimumab monotherapy versus combination ipilimumab and nivolumab, and three Phase III trials of nivolumab, either versus chemotherapy, ipilimumab monotherapy or combination ipilimumab and nivolumab. 86 patients with histologically confirmed metastatic mucosal melanoma were identified who had been treated with nivolumab and an additional 35 had received the combination of nivolumab and ipilimumab \[[@B7]\]. The pooled analysis confirmed that patients with metastatic mucosal melanoma can benefit from treatment with the immunotherapy regimes which are in routine clinical use for patients with metastatic cutaneous melanoma. However, the objective response rates (ORR) are lower. For nivolumab monotherapy the ORR in the pooled analysis was 23.3% in the mucosal melanoma population (95% CI: 14.8--33.6%), compared with 40.9% for patients with cutaneous disease (95% CI: 37.1--44.7%). Treatment with the combination of ipilimumab and nivolumab was associated with an ORR of only 37.1% (95% CI: 21.5--55.5%), compared with 60.4% observed in patients with metastatic cutaneous melanoma (95% CI: 54.9--65.8%) \[[@B7]\].

Another study identified 35 patients with mucosal melanoma treated with anti-PD-1 monotherapy (nivolumab or pembrolizumab) either within a clinical trial, expanded access program or through standard clinical practice \[[@B53]\]. Seven patients overlapped between these two publications \[[@B7],[@B53]\]. Of 35 patients, 23% had an objective response and 57% had only progressive disease, with a median progression-free survival of 3.9 months \[[@B53]\]. Of those who had a partial or complete response, the median duration of response was 12.9 months. Both papers reported that treatment was well tolerated and very few patients discontinued due to toxicity \[[@B7],[@B53]\]. Indeed D\'Angelo *et al*. noted that the incidence of treatment-related adverse events appeared marginally lower in patients with mucosal melanoma than for patients with cutaneous melanoma \[[@B7]\] for reasons which are not known, but may be related to shorter duration of treatment.

It is not known why response rates to immunotherapy are lower in mucosal melanoma. Possibly it results from the lower proportion of patients with mucosal melanoma in the pooled analysis who had high levels of PD-L1 expression, defined as \>5%, in their tumors. Only 25 out of 121 (21%) of mucosal melanoma patients in these trials had high PD-L1 expression, compared with 348 out of 991 (35%) of cutaneous melanoma patients \[[@B7]\], but in the pooled analysis, even patients with low tumor PD-L1 expression (\<5%) demonstrated an ORR of 33% to combination immunotherapy. To date there is no evidence to support a potential role for tumor PD-L1 expression as a biomarker for response either to monotherapy or combination immunotherapy in metastatic mucosal melanoma, a situation which mirrors that of cutaneous melanoma \[[@B52]\]. Alternatively it has been hypothesized that response to immunotherapy correlates with the number of mutations in a tumor and therefore the antigen load. As mucosal melanoma is not induced by sun damage, it would be predicted to be associated with a lower mutational burden than cutaneous melanoma and this could account for the poorer response to immunotherapy. Johnson *et al*. undertook comprehensive genomic profiling on over 2000 melanoma samples, of which 2% were mucosal in origin. Tumor mutational burden in mucosal melanomas was found to be markedly lower than in cutaneous melanomas \[[@B13]\]. Consistent with this, a study that performed either whole genome or whole exome sequencing on ten mucosal melanoma samples found that mucosal melanoma is associated with a five- to ten-fold lower rate of mutations compared with cutaneous melanomas \[[@B4]\]. The mutational burden found in the mucosal melanomas in this study was comparable to that seen in breast and prostate cancers, which are also not associated with known environmental carcinogens. They did, however, find that their samples had nearly four-times as many structural variants as seen in cutaneous melanoma, such as chromosomal aberrations and copy number alterations. The cause of the chromosomal instability in these samples was unclear \[[@B4]\].

Studies suggest that the presence of tumor-infiltrating lymphocytes (TILs) may be an important predictor of response to anti-PD-1 agents \[[@B54]\] but little is published about the prevalence of TILs in mucosal melanomas \[[@B53]\]. One Chinese study of pathological analysis of 82 cases of oral mucosal melanoma found that the presence of TILs was associated with a lower risk of distant metastases \[[@B55]\].

Numerous new immunotherapy agents are in development, either as monotherapy or in combination with established treatments, including LAG3 antagonists and OX40 agonists. Permitting patients with mucosal melanoma to be included in the clinical trials of these drugs is essential to ensure this patient group has the potential to benefit from emerging agents.

In summary, with trial data to suggest a response rate of up to 37% with ipilimumab combined with nivolumab in metastatic mucosal melanoma, combination immunotherapy offers an evidence-based treatment option for patients of good performance status with this disease. However, potential toxicity is high, improvement in overall survival may not reflect the higher response rates, and evidence on durability of response in the rare mucosal patient subgroup is lacking. Patients must be counselled on the risks of treatment, and clinicians and patients should be encouraged to consider quality-of-life factors in decision making. For less fit patients, or those whose preference is to avoid a high risk of potentially serious side effects, anti-PD-1 monotherapy also has evidence to support its efficacy in metastatic mucosal melanoma.

Targeted therapy {#S0010}
----------------

Nearly half of cutaneous melanomas harbor activating *BRAF* mutations and therefore can be treated with BRAF kinase inhibitors such as dabrafenib (150 mg twice daily), often in combination with an MEK inhibitor, such as trametinib (2 mg once daily). The targeted treatment of metastatic melanoma has been widely reviewed before \[[@B8]\] and will not be repeated in detail here. In a Phase III trial of 704 patients the combination of a BRAF and an MEK inhibitor was associated with an ORR of 64% and a median progression-free survival of 11.4 months, compared with a response rate of 51% and median progression-free survival of 7.3 months for a BRAF inhibitor alone \[[@B56]\]. Mucosal melanomas rarely have mutations in *BRAF* and therefore this is not usually an option for these patients. However, all mucosal melanoma patients should be tested for *BRAF* mutations and if an activating *BRAF* mutation is found in a patient with mucosal melanoma, then the combination of a BRAF and an MEK inhibitor should be considered.

Mucosal melanomas do sometimes have activating mutations in *KIT* and therefore tyrosine kinase inhibitors, such as imatinib and dasatinib, targeting the aberrant protein gene product have been trialed with some positive results. While *KIT* testing is not currently routinely available in all centers across the UK, mutation analysis is advised in mucosal melanoma, as a small minority of patients will have targetable mutations and may potentially benefit from treatment, ideally within the context of a clinical trial. A Phase II trial of imatinib in 24 patients with either *KIT*-mutated or *KIT*-amplified tumors in mucosal, acral or chronically sun-damaged melanoma found that it was effective in patients with *KIT*-mutated tumors, but not in those where the gene was amplified only. Of 13 patients with *KIT* mutations, seven (54%) had a partial response. Of the 24 patients treated, 17 had mucosal melanoma and of these 11 had a *KIT* mutation. The seven patients in the study who had a partial response all came from the subgroup with mucosal melanomas with *KIT* mutations, meaning within this group the response rate was 7/11 (64%) \[[@B31]\].

Another trial of imatinib in the same melanoma subtypes in patients with *KIT* mutations or amplifications treated 25 patients \[[@B57]\]. Two patients experienced complete responses and four had partial responses. In four of these six cases the response was durable, lasting more than a year. Of the 25 evaluable cases, 13 had mucosal melanoma -- one of these had a complete response and two a partial response, giving a response rate of 3/13 (23.1%). Another study looked at 43 patients with melanoma with *KIT* aberrations and found a partial response rate of 23.3% and a disease control rate of 53.5% \[[@B58]\].

A trial of dasatinib, intended specifically to target mutations in exon 11, as first-line treatment in mucosal melanomas with *KIT* mutations gave disappointing results, with response rates of 18.2% and no difference in outcomes between patients with exon 11 *KIT* mutation than with alternative mutations \[[@B59]\]. The authors concluded that imatinib should remain the first-choice treatment option for patients with a *KIT* mutation. In a Phase II trial, patients with all types of melanomas with *KIT* mutations or amplifications, who had progressed on previous KIT inhibitor therapy, were given second-line nilotinib. Two out of 11 patients achieved a partial response, including a lady with vulvar melanoma who had an ongoing response at 37.5 months \[[@B32]\], and hence, the possibility of treating with further tyrosine kinase inhibitors after progression on one drug should not be discounted.

Unfortunately, targeted treatment for *KIT*-mutated mucosal melanoma does not offer the clinical reliability observed with *BRAF*-targeted therapy in cutaneous melanoma. Errors in the KIT gene are heterogeneous, dispersed across multiple exons, and include mutations and amplifications \[[@B31],[@B32]\], but clinical benefit from targeting this mutated protein appears restricted to specific mutations. Within the context of clinical trials, activating mutations or amplifications in exons 11 and 13 of the *KIT* gene have most frequently been associated with durable clinical benefit from KIT inhibitors \[[@B57],[@B58]\] while other patients have derived no clinical benefit. In four patients reported by Hodi *et al*. \[[@B31]\] there was a co-existing NRAS mutation at the start of treatment and all of these patients progressed on imatinib. It is possible that one mechanism of primary resistance to imatinib may be mediated by activation of this pathway raising the future possibility that a combination of an MEK and KIT inhibitor could be effective in these patients \[[@B31]\]. Carvajal *et al*. \[[@B57]\] noted that all six responses to KIT inhibition occurred in tumors with L576P or K642E mutations. There were also patients in this study with the V654A and D820Y mutations, known to confer resistance to imatinib in GIST, and these patients both progressed on imatinib. Overall response rates are lower than that seen in GIST with *KIT* mutations and further clinical trials are required for us to be able to usefully exploit the KIT gene as a therapeutic target in mucosal melanoma \[[@B57]\].

NRAS mutations have been found in 15--20% of melanomas, and this is fairly consistent across all melanoma subtypes, including mucosal \[[@B60]\]. NRAS mutations are associated with a poor prognosis and are a potential cause of BRAF inhibitor resistance when BRAF is mutated as well. Trials are ongoing of drugs targeting the MAPK pathway and the phosphatidylinositide 3-kinase (PI3K) pathway, which work downstream of NRAS. MEK inhibitors, which affect the MAPK pathway, may be effective in patients with NRAS mutations and trials combining these with other agents are also ongoing. The MEK inhibitor binimetinib has been shown to give a response rate of 20% in a Phase II trial of 30 patients with NRAS-mutated melanoma \[[@B61]\] and a Phase III trial is ongoing. No trial has yet demonstrated an improvement in overall survival following treatment with MEK inhibitor monotherapy. Trials are also ongoing combining MEK inhibitors with PI3K/AKT inhibitors or CDK4/6 inhibitors \[[@B60]\]. Given that these genes can be mutated in mucosal melanoma, it is to be hoped that future clinical trials do not exclude this rare subgroup of patients.

Chemotherapy {#S0011}
------------

Until the arrival of checkpoint inhibitors and targeted treatments in the last decade, dacarbazine chemotherapy had been the standard-of-care for metastatic melanoma, as no combination chemotherapy regimens had been shown to give a further improved survival advantage \[[@B62]\]. Conventional chemotherapy is now rarely given in melanoma, but there is renewed interest in the possibility of combining chemotherapy with immunotherapy, and several trials are underway \[[@B63]\]. There is evidence that immunotherapy can be safely administered in combination with chemotherapy as some patients in early studies with ipilimumab received it in combination with dacarbazine \[[@B64],[@B65]\]. It is hypothesized that cytotoxic chemotherapy may potentiate the immune response by causing immunogenic cell death. Should this approach show promise, it would be of great interest to include the mucosal melanoma population within future studies.

Adjuvant systemic therapy after primary resection {#S0012}
=================================================

Although adjuvant therapy after resection of high-risk cutaneous melanoma is not yet standard-of-care in the UK, recently published clinical trials are likely to prompt this to change.

Until 2017, the only published randomized evidence supporting adjuvant therapy after resection of mucosal melanoma was from Lian *et al*. They randomized 189 patients with resected mucosal melanoma to either observation, or 1 year of high-dose IFN-α2b (15 × 10^6^ U/m^2^/d IFN-α2b D1-5 for 4 weeks followed by 9 × 10^6^ U IFN- α2b three-times a week for 48 weeks), or three weekly chemotherapy with temozolomide (200 mg/m^2^/d D1-5) plus cisplatin (75 mg/m^2^ divided over 3 days) for six cycles \[[@B27]\]. Prognosis was poor across all groups. However, adjuvant therapy was associated with a trend toward improved survival (relapse-free survival 5.4, 9.4 and 20.8 months, respectively), which reached statistical significance (p \< 0.001 for IFN- α2b and for chemotherapy). The median overall survival in the observation arm was 21.2 months (95% CI: 15.8--26.6 months), 40.4 months for patients who had received IFN-α2b (95% CI: 32.5--48.3 months) and 48.7 months for patients who had received chemotherapy (95% CI: 41.8--55.6 months). Numbers of patients included in this trial are impressive, given the rarity of the diagnosis, but extrapolation of the results are difficult within the current clinical environment. A trial favoring adjuvant chemotherapy over immunotherapy in the treatment of melanoma is discordant with oncological principals of systemic adjuvant therapy. The chemotherapy regime of temozolomide plus cisplatin has no proven survival benefit in the palliative treatment of metastatic mucosal melanoma and both regimes predate the introduction of currently established systemic treatments for metastatic cutaneous melanoma.

These results have been superseded by the more recent publications of immunotherapy trials in the adjuvant treatment of melanoma. The cytotoxic T-lymphocyte antigen 4-specific monoclonal antibody ipilimumab is licensed as adjuvant therapy in stage III melanoma, based on the results from a Phase III study published in 2015 in which over 900 patients with cutaneous melanoma were randomized to either ipilimumab 10 mg/kg for four doses, followed by the same dose every 3 months for 3 years, or placebo. Treatment with ipilimumab was associated with a 10% increase in 3-year recurrence-free survival, and median recurrence-free survival was 26.1 months in the ipilimumab-treated group versus 17.1 months in the control arm \[[@B66]\]. Concerns over the high incidence of serious side effects (52% of patients interrupted treatment due to toxicity), and anticipation of imminent publication of results from adjuvant anti-PD-1 trials, precluded this regime from adoption into routine practise in the UK. Patients with mucosal melanoma were specifically excluded, but fortunately were permitted to enter the more recently published randomized, double-blind trial comparing 1 year of adjuvant ipilimumab 10 mg/kg for four doses, followed by the same dose every 3 months, with the PD-1 inhibitor nivolumab 3 mg/kg every 2 weeks in over 900 patients with resected stage III or IV melanoma. Nivolumab was associated with a significant improvement in 1-year recurrence-free survival of 70.5%, compared with 60.8% with ipilimumab. Nivolumab was also significantly better tolerated with only a 14.4% incidence of grade 3 or 4 adverse events compared with 45.9% in the ipilimumab group \[[@B67]\]. A total of 29 patients with mucosal melanoma were included in this study, staged according to the 2009 AJCC melanoma staging system \[[@B28]\] of whom 16 were randomized to nivolumab.

Such small numbers of patients with mucosal melanoma preclude meaningful subgroup analysis. Although further trials in patients with high-risk melanoma are underway examining potential adjuvant combination immunotherapy regimes and optimal scheduling, due to the rarity of mucosal melanoma, and the scale of the trials required to demonstrate a clinically meaningful adjuvant benefit, this is not a situation that is likely to be improved on. Adjuvant decisions for patients with resected mucosal melanoma will need to consider the existing, predominantly cutaneous, adjuvant evidence base, the lower response rates to immunotherapy observed in metastatic mucosal melanoma and the disproportionately high risk of incurable recurrence that these patients face.

In the future, targeted therapy may offer an alternative adjuvant therapy option for a small minority of patients with resected mucosal melanoma. Patients who have undergone resection of a GIST tumor harboring a mutation in the *KIT* gene may be offered imatinib in the adjuvant setting and this does significantly reduce recurrence rates \[[@B68]\]. Given similar mutations can be identified in up to a third of patients with mucosal melanoma \[[@B5],[@B11]\], adjuvant use of KIT inhibitors may offer potential for modifying the course of the disease. Whether patient numbers will ever be sufficient for this to be established within the context of a randomized clinical trial is very doubtful.

Occasionally, mucosal melanoma will be identified to harbor an activating mutation in codon 600 of the *BRAF* gene \[[@B5],[@B11]\]. 2017 saw the publication of a randomized, double-blind, placebo-controlled trial of adjuvant dabrafenib 150 mg twice daily with trametinib 2 mg once daily in 870 patients with resected stage III cutaneous melanoma possessing a *BRAF* V600E or V600K mutation. Adjuvant treatment with dabrafenib and trametinib was associated with a statistically significant improvement in relapse-free survival at 3 years of 58%, compared with 39% for placebo, and an overall survival at 3 years of 86% for those receiving the combination therapy, compared with 77% for controls \[[@B69]\]. Extrapolation of these results to the very small minority of patients with mucosal melanoma harboring the same activating mutations offers future potential for modifying the course of their disease, a possibility of critical clinical significance given their greater risk of death from metastatic disease.

Conclusion & future perspective {#S0013}
===============================

Patients diagnosed with mucosal melanoma represent a rare subgroup of the melanoma patient population. Although the principles of care are the same, there are critical differences between mucosal and cutaneous melanoma, which must influence future clinical decision making. While complete surgical excision offers the only prospect of cure, the challenging anatomical sites present a high risk of surgical morbidity and most patients still develop incurable metastatic disease. Systemic treatment with immunotherapy or targeted therapy can offer scope for modifying the course of the disease but response rates are lower and clinical research remains a priority, particularly as there are critical genetic differences which have not yet been fully exploited. Evidence-based UK clinical guidelines for the management of patients with mucosal melanoma are in development and aim to minimize inequality in care. In the meantime, sufficient evidence exists to recommend use of some of the currently available systemic therapies. The rarity of the diagnosis will ensure that large-scale mucosal melanoma trials are unlikely ever to be feasible. Including patients with metastatic mucosal melanoma in trials of new agents for the treatment of melanoma will allow us gradually to expand our evidence-base and ensure that we identify those regimes which offer genuine potential for this small but important patient group.
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